I. INTRODUCTION
One method for designing a digital filter is to transform a given analog low-pass prototype into a desired digital filter by using frequency transformation in the s-domain and bilinear z-transformation [1] , [2] . The main advantage of this method is stability from mapping the poles and zeros from the stable region in the s-domain into a stable region in the z-domain. However, when applying bilinear z-transformation, the warping frequency will give a non-linear relation between the analog frequency and the digital frequency [3] , [4] . To solve this problem, a method called bilinear z-transformation with pre-warping frequency is used. And also from this method, applying inverse bilinear z-transformation [5] , the inverse transformation from a digital filter to an analog low-pass prototype can be found. Thus, it is called inverse bilinear z-transformation with pre-warping frequency. This paper presents a new algorithm for frequency transformation in the digital domain using bilinear and inverse bilinear z-transformation with prewarping frequency, which can described by a mathematics equation called 'Digital low-pass to digital filter Pascal matrix equation'.
II. BILINEAR AND INVERSE BILINEAR Z-TRANSFORMATION WITH PRE-WARPING FREQUENCY
Bilinear z-transformation is a method for transforming an analog filter to an equivalent digital filter [1] . It is defined by (1) , where T is a sampling time period, z=e sT and s=jω. Let ω A be an angular frequency in the s-domain and ω D be an angular frequency in the digital domain:
Equation (1) can be rewritten as: 
A. Frequency Transformation from the s-Domain to the z-Domain with Bilinear z-Transformation with PreWarping Frequency
The transfer function H(z) of a digital filter can be obtained from the transfer function H(s) of an analog low-pass prototype filter by first transforming an analog low-pass prototype to an analog filter that is the same class of the digital filter using frequency transform in the s-domain [6] , and then applying the bilinear ztransformation with pre-warping frequency [7] - [9] . Table  I illustrates the frequency transformation from the sdomain to the z-domain.
Let f s is the sampling frequency, f c is the cut-off frequency for the low-pass and high-pass filter, and f U and f L are the upper and lower frequency for the bandpass, band-stop and narrow-band filter. The parameters of c, t, U and L can be found as below.
In the case of a narrow band, if given the center frequency f 0 and quality factor Q, the upper and lower frequency can be calculated as below. 
B. Inverse Bilinear z-Transformation with Pre-Warping
Frequency Inverse bilinear z-transformation with pre-warping frequency is a method used to transform a digital filter back to an analog low-pass prototype [10] . In this paper, it shows the transformation from a digital low-pass to an analog low-pass prototype. Table I and an inverse bilinear z-transformation with pre-warping frequency, a digital low-pass is transformed into a digital low-pass, high-pass, band-pass, band-stop and narrowband, as shown in Table II .
In Table II , to transform a digital low-pass with the transfer function H(z) into a digital filter, z is substituted by Ƶ(z -1 ). Then, with the help of Pascal's triangle, a matrix equation is derived, called 'Digital low-pass to digital filter Pascal matrix equation'. 
A. Diagonal Matrix D x
Matrix D x is a diagonal matrix with a size of (n+1; n+1), where n is the given n th -ordered digital low-pass filter, as shown below: 
B. Matrix P
Matrix P has a size of (n+1; n+1) and contains the positive and negative coefficients of Pascal's triangle. There are three different matrix P. Depending on the conversion type, matrix P may be P LP , P HBS 
Two kinds of matrix T-T UL and T x -are introduced. One useful application of Pascal's triangle is the expansion of binomial (U+L) n . Inserting zeroes will make matrix T UL , with a size of (n+1; 2n+1), and matrix T x , with a size of (n+1+; n+1) as shown below: 
